Attempts were made to enrich manganese content as well as Mn/Fe ratio from a complex manganese ore from Nishikhal deposit, Orissa, India, containing 32% Mn, 18% Fe, 16% SiO2, 21% acid insolubles and 0.45% P by reduction roasting followed by magnetic separation route. Interestingly the adopted route not only enriched the Mn content to around 40%, Mn/Fe ratio to around 10 but also brought down the P to around 0.3% in the non-magnetic product there by making this deposit as a potential feed for ferro-manganese production in the country. Although the enrichment of Mn and Mn/Fe ratio is expected by this route, 60% ofthe phosphorus reduction is primarily due to the presence of P in association with goethite while the rest of the P was observed to be associated with the manganese phases and as apatite within the silicate phases as confirmed by the optical microscope and electron microscopic studies. The paper also discusses the limitation of reducing the P content further in the beneficiated product.
INTRODUCTION
The manganese resources in India are around 177 million tonnes of which only 16% are in the proved category. As per the domestic consumption figures of manganese ore available [1] , up to 1992-93, around
Corresponding author. E-mail: root@csrrlbhu.ren.nic.in. 50% of it is consumed by the ferro-alloy industry and around 47% is being consumed by the iron and steel industry (Table I ). The manganese ore reserves and their predominance in occurrence in different states in the country are given in Table II . Although the reserve position indicates the sustainable quantity to meet the domestic requirement, the reserves of the grade needed for the ferro-manganese production is only 10 million tonnes. Moreover, specifications laid down by the ferromanganese industry in the country are also stringent (Table III) . Besides the high grade Mn, the Mn/Fe ratio, phosphorus and silica contents [6, 7] . Dephosphorisation ofmanganese ores was also reported [8] to be carried out by high intensity magnetic separation and roast leach method. In most cases, the Mn content could be improved substantially while achieving high Mn/Fe ratio but the phosphorus content could not be reduced. In fact, the studies carried out on many ferruginous manganese ores from different deposits (Table IV) have indicated [9] a slight enrichment of P content in the beneficiated non-magnetic fractions.
Similar beneficiation attempt made on the sample from Nishikhal not only improved the Mn grade, the Mn/Fe ratio but also lowered the phosphorus content substantially. The underlying reasons for being able to reduce the phosphorus in the beneficiated product .and the salient findings are being discussed in this article.
A SAMPLE AND ITS CHARACTERIZATION
Around 500 kg of sample was collected from the ferruginous area of the Nishikhal mine after thorough blending of the sample at site. A representative sample was jaw and roll crushed till the ore was reduced to all passing 1200gm size. A sub-sample was classified into various size fractions by wet sieving and all the fractions were analyzed for Mn, Fe, and P (Table V) .
Mineralogical Studies
The sample was subjected to XRD and optical microscopic studies (Figs. [2] [3] [4] [5] . Studies were also carried out under electron microprobe and scanning electron microscope with a WDS analyzer (Fig. 6 ). The electron microprobe analysis was carried out on different manganese The ground roasted mass was subjected to wet magnetic separation using SALA low intensity magnetic separator (containing a stainless steel 200mm x 100mm dia. drum with an adjustable magnet set consisting of 3 permanent magnets, having a lever for necessary adjustments) by feeding the diluted slurry through a peristaltic pump and collected the magnetic and non-magnetic products. The non-magnetic product was further treated to collect Magnetic II and the eventual beneficiated non-magnetic product. In most cases, the Magnetic I and II products were mixed and analyzed as a single magnetic product. The magnetic studies were carried out on the roasted product resulting from both Muffle furnace (Table VII) and the Linder apparatus (Table VIII) .
BOXMAG Wet High Intensity Magnetic Separator
The non-magnetic product resulting from the roasted material obtained from Linder was treated on the wet high intensity magnetic separator (Table IX) .
RESULTS AND DISCUSSION
The Nishikhal manganese ore under study was a very complex ore due to the presence of iron, silica and phosphorous much beyond the tolerable limit for its use in ferro-manganese production. The (Fig. 4) . In some cases oxyhydroxides of iron and manganese have also been observed. Small apatite grains are enclosed within the silicate minerals (Fig. 5) . The samples studied under scanning electron microscope and electron probe suggest that phosphorus is dominantly contained in the goethite and manganese phases ( FIGURE 6 X-ray line scanning of Mn, Fe, K and P in cryptomelane (C) and goethite (G).
products (oxyhydroxides of iron and manganese). Amorphous calcium phosphate (collophane) was observed to fill the voids in garnet. Interestingly the goethite was observed to contain high amount of phosphorus, as also reported elsewhere [5] , than in psilomelane and cryptomelane (Fig. 6 ). (Table IV) obtained by this reduction roasting-magnetic separation route on similar complex manganese ores of the country, it can be noticed that P could be reduced substantially from the ore of Nishikhal manganese ore, whereas in other cases the P content is increased marginally.
This beneficiated material can be a potential feed for the ferromanganese production in view of its high Mn/Fe ratio and medium Mn grade; however only by blending with low phosphorus bearing manganese ore to maintain the specified P content of 0.15%.
CONCLUSIONS
The medium grade ferruginous manganese ore from Nishikhal containing high concentrations of silica and phosphorus has responded to the reduction roasting followed by magnetic separation route not only in enriching Mn, the Mn/Fe ratio but also in removing 65% of phosphorus. The optical microscopic and electron microscopic studies revealed association of P with cryptomelane, psilomelane and goethite and the presence of apatite in the silicate mineral phases. LECO coal fines at 15 wt% of the ore as reductant were found to effectively reduce the ore at 800C. The roasted mass with subsequent grinding and separation on SALA low intensity wet magnetic separator has yielded a product containing around 40% Mn, Mn/Fe ratio of 10 with 0.3% P and with around 70% Mn recovery. Around 60% of P could be removed into the magnetic phase due to its occurrence in the goethite phase.
By treating the beneficiated non-magnetic phase on wet high intensity magnetic separator further augmentation of the Mn content and Mn/Fe ratio is possible while P content also becomes enriched marginally.
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